Introduction
The lateral habenula (LHb) is a phylogenetically wellpreserved brain structure [1] and has long been recognized as a key region mediating communication between the forebrain and monoaminergic systems in the midbrain and hindbrain [2, 3] . Many functions are subject to LHb regulation, including pain, behavioral flexibility, maternal behavior, circadian rhythm, sleep, addiction, anxiety, and depression [4] [5] [6] [7] [8] [9] [10] [11] . Recently, several important findings have proposed that the LHb participates in the processing of negative-valence information [11] [12] [13] [14] . Mounting evidence from animal and human studies also suggests that aberrant LHb activity is associated with depressive symptoms such as helplessness [15, 16] and lack of pleasure (anhedonia) [17] . Circuitry-wise, the LHb acts as a relay station that interconnects the limbic forebrain with depression-related monoaminergic centers including the ventral tegmental area (VTA) and raphe [4, 11, 18] . In this article, we review the output regions downstream of the LHb, as well as the source of inputs into the LHb, which may mediate different negative symptoms of depression. We also summarize major findings addressing the molecular and cellular mechanisms by which the LHb neurons become aberrantly overactive and how that may lead to depression.
Activity of LHb neurons in normal and depressive conditions
The ability to predict reward and punishment and to adjust behavior accordingly is essential for animal survival [11] . The LHb is believed to play a central role in encoding negative-valence signals and promoting behavioral aversion. Recordings in macaque monkeys show that LHb neurons encode negative reward prediction error (RPE), whereby they increase firing when animals fail to receive an expected reward ('disappointed') or receive a cue predicting aversive stimuli [12, 14] . Moreover, the LHb is activated by different stressors and negative emotional stimuli [19] , suggesting that it may mediate behavioral responses underlying stress and aversion under normal physiological conditions. However, aberrant LHb activity may lead to detrimental consequences, such as depression, as evidenced below.
The LHb shows higher metabolic activity in various animal models of depression [20] [21] [22] [23] . In both acute learned helplessness (aLH) and congenital learned helplessness (cLH) rats, VTA-projecting habenula neurons demonstrate enhanced synaptic activity [15] . Interestingly, such elevated LHb firing and depressive behaviors can be reversed following antidepressant treatment [15] .
Because of the small size of the LHb, human functional imaging is challenging and still inadequate; however, several studies have provided evidence for habenula hyperactivity in depressed human subjects [24, 25] . Tryptophan-depletion treatment, which usually deteriorates symptoms in depressive patients, increases the cerebral blood flow in the habenular region [25] . Moreover, depressive patients show abnormal phasic habenular responses elicited by cues that predict upcoming punishment [26] .
Taken together, increasing evidence from both animal and human studies suggests that LHb hyperactivity is associated with symptoms of depression. 
